Surface ozone 1
The ozone monitor was installed in the ship's bridge with a 5 m long Teflon-lined inlet tube 2 from the upper deck, well forward of the exhaust stacks (~15 m above sea level (m.a.s.l.)). 3
The inlet was placed just above the railing in the air coming from the front of the ship, 4 avoiding sampling air from the ship's boundary layer. Due to GPS communication errors, our 5 data compilation started on 21/02/2011 (2 nd leg) and finished on 12/07/2011. 6
The ozone volume mixing ratios (vmr) observed during Malaspina 2010 are presented in Fig.  7 1a along with the ancillary measurements of relevance for the present work (i.e., SST and ws; 8 Table 2 ). Simulations of the 5-day backward trajectories of the air masses arriving 9 at the ship's track are provided in Fig. 2 , showing the typical non-continental origin of the air 10 masses sensed during the cruise. 11
Iodine oxide 12
Aiming at the detection of IO along the Malaspina's track, a MAX-DOAS instrument was 13 installed on the second deck near the rear of the ship (~10 m.a.s.l.). Briefly, these instruments 14 measure the intensity of scattered light in the UV-VIS range entering a scanning telescope at 15 several precise viewing angles and have been widely used for atmospheric composition 16 research (Platt and Stutz, 2008) . Thus only a summary of the particular MAX-DOAS 17 instrument mounted on the Hesperides research vessel is given hereafter. For details regarding 18 the MAX-DOAS technique please refer to the work of, e.g., Stutz (2008) and 19 Hönninger et al. (2004) and for further details of our ship-based MAX-DOAS instrument 20 please see Mahajan et al. (2012) . 21
Briefly, in the case of the Malaspina's MAX-DOAS instrument, the scanning telescope was 22 housed in a weatherproof metal chamber with a flat UV-transmitting acrylic window, with a 23 sunshade to reduce spectral effects on the window. The telescope unit (built by the New 24
Zealander National Institute of Water and Atmospheric Research-NIWA) was mounted on a 25 gimbal table to compensate for the pitch and roll of the ship. The gimbal dampened the 26 effective oscillations in telescope elevation angle to ±1º for most of the cruise and ±2º in 27 rough conditions. In addition, a high accuracy (±0.1º), fast response (0.3 s) inclinometer was 28 used to log the residual oscillations in order to correct the elevation angles. Only true angles 29 within 0.2º of each prescribed elevation angle were used for analysis. The azimuth viewing 30 direction was towards the ship's bow (20º anticlockwise) to minimize exhaust emissions in the 31 line of sight. The scanning telescope consisted of a rotating diagonal mirror driven by a 1 stepper motor and a 50.8 mm diameter fused silica lens with a focal length of 200 mm, giving 2 a field of view of 0.5º. The light was focused onto a 5 m long 19 optic fibre bundle leading to 3 a Princeton Instruments SP500i spectrometer with a Princeton Instruments Pixis 400B CCD 4 camera. A 600 grooves mm -1 grating was used, giving approximately an 80 nm spectral 5 window and a spectral resolution of 0.5 nm FWHM. Spectra were recorded for a short 6 exposure time of 1 s at each discrete elevation angle (2, 4, 6, 8, 10, 15, 30 and 90º) in order to 7 minimize potential deviations in angle due to the ship's movement. The scan sequence was 8 repeated every 2 min and after every 10 cycles the grating was shifted between the two 9 wavelength regions, centred on 358 nm (UV spectral range) and 440 nm (VIS spectral range). 10
Results presented in this work correspond to the VIS channel, where IO could be measured 11 (see Sect. 3.1). 12
Modelling the oceanic emissions of reactive iodine precursors 13
We implemented the experimentally derived ocean fluxes of ISG (Carpenter et al., 2013; 14 MacDonald et al., 2014) whereas the general model setup is described in the study of Lamarque et al. (2012) . not allowed to photolyse but, once formed, they were lost by thermal decomposition 25 or to pre-existing aerosols instead. 26
All simulations were performed with a horizontal grid resolution of 1.9º (latitude) × 2.5º 27 (longitude) and 26 hybrid vertical levels (0-40 km), and considered the SST and sea-ice 28 boundary conditions representative of year 2000 (Rayner et al., 2003) . Note that, since the 29 model was not run with specified dynamics, simulations are not representative of the 30 meteorology of any specific year. Thus, unless stated the opposite, the model results presented 31 in this work correspond to 24 h annual averages. -2 ) in all marine environments sampled. Figure 3 shows a typical IO spectral fit 7 during that expedition and the IO differential slant column densities (dSCD) measured along 8 the cruise track. Note that diverse filters were used in this dataset for quality assurance (e.g., 9
cloud and wind direction filters). Following previous studies and using only IO dSCD above 10 the quality filters, the IO mixing ratios were inferred by the well-established "O 4 method" 11 (Wagner et al., 2004) , after validating results of several days with a radiative transfer model 12 (RTM) (e.g., Mahajan et al., 2012; Gómez Martín et al., 2013a) . Particular details on these 13 procedures (IO spectral and vmr retrieval) as well as the quality filters applied are provided in 14 the Supplementary Information (SI). campaigns are by definition intrinsically linked to the specific viewing geometry of each 24 DOAS instrument (Platt and Stutz, 2008) . During the Cape Verde campaign a Long Path-25 DOAS instrument was used with a fixed light path at 10 m.a.s.l. (Read et al., 2008; Mahajan 26 et al., 2010) . In all the other campaigns shown in should be considered as the mean IO vmr in each of the aforementioned altitude ranges linked 6 to a given elevation angle (e.g., 2º in the case of Malaspina). Note that, despite these 7 unavoidable retrieval limitations, Fig. 4 proofs the ubiquity of IO in the global MBL and 8 hence the presence of reactive iodine chemistry in all sub-polar marine environments. Thus for simplicity only the Organic-NoPhot output (i.e., Organic run) is shown in Fig. 5 . 27
Considering the ISG emissions, along with OSG, the model reproduces satisfactorily the IO 28 observations (Fig. 5) . Note that, as found in the Organic run, the emission of OSG alone 29 explains on average only ~25% of the IO levels observed over the different oceans, 30
percentage that agrees well with previous one-dimensional model studies performed at 31 specific marine environments (Mahajan et al., 2010; Jones et al., 2010; Mahajan et al., 2012; 32 Gómez Martín et al., 2013a; Großmann et al., 2013; Lawler et al, 2014) . This result points out 1 the importance of including ISG emissions in global models. Regarding the Base run results, 2 in general the NoPhot run reproduces the observations although in some regions the Phot 3 scheme is closer to the measurements (Fig. 5) . Note that the modelled IO vmr in the Phot 4 scheme-likely to be a more realistic scheme for I 2 O x (Saiz-Lopez et al., 2014)-can even 5 double the IO vmr given by the NoPhot scheme, stressing the need of further efforts from the 6 community to investigate the fate of these higher iodine oxides. However, since the photolysis 7 rates of I 2 O x are currently subject to uncertainty (Saiz-Lopez et al., 2014) , hereafter only the 8 NoPhot scheme is considered bearing, thus, the results presented as lower limits. 9 averaged, about 75% of the IO in the MBL derives from inorganic precursors. As mentioned 32 in the previous section, as an averaged value, this result is indeed consistent with previous 1 estimates at given transects along the Pacific Ocean or offshore waters of Cape Verde and 2
Galapagos Islands (Mahajan et al., 2010; Jones et al., 2010; Mahajan et al., 2012; Gómez 3 Martín et al., 2013a; Großmann et al., 2013; Lawler et al, 2014) Ocean, we provide field evidence for the ubiquitous presence of IO, and thus reactive iodine 29 chemistry, in the global marine environment. By comparing these measurements with model 30 results, we confirm the need of including the inorganic oceanic emissions of iodine into 31 global models, and also stress the need for further laboratory and theoretical studies about the 32 
